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Abstract 
 
The aviation industry has seen above normal growth in recent years, owing in part to lower oil 
prices contributing to millions of dollars in savings for aircraft operators. As a result of this 
growth, production rates for new airplanes have increased, and new aircraft programs are being 
launched. Consequently, aviation component manufacturers are facing new challenges, including 
a rise in production rates, higher probability of detection (POD) requirements due to the critical 
nature of the parts being manufactured, a lack of skilled operators, and parts with increasingly 
complex geometry. To respond accordingly, ultrasonic phased array (PA) instruments have 
evolved, enabling the implementation of advanced acquisition strategies, such as adaptive 
focusing. Coherent adaptive focusing simplifies the inspection of variable radiuses, variable 
opening angles, and twisted components, and it also compensates for probe misalignment 
through innovative signal-processing algorithms. This paper presents an overview of coherent 
adaptive focusing technology with the goal of helping NDT integrators and composite material 
manufacturers address system performance, production output, and quality control issues. 

1. Introduction 

Composite laminate components are extensively used in new-generation aircraft. During the 
manufacturing process, structural components must be ultrasonically inspected to ensure their 
integrity.  
 
Some components, such as spars, stringers, floor beams, and many others, have very complex 
geometries where the surface shapes are constantly changing. To maintain an ultrasonic wave 
front parallel to the surface, complex mechanical solutions including scanners and robots are 
required. Even when these solutions are in place, it is still very difficult to guarantee parallelism 
of the wave front to the surface.     
Therefore, it is beneficial to use an adaptive focusing acquisition strategy consisting of phased 
array probes that apply a localized correction to make sure that the generation of the wave front 
propagates parallel to the surface.  

M
or

e 
in

fo
 a

bo
ut

 th
is

 a
rt

ic
le

: 
ht

tp
://

w
w

w
.n

dt
.n

et
/?

id
=

22
71

1

mailto:etienne.grondin@olympus-ossa.com


2. Ultrasonic phased array 

Ultrasonic phased array technology is widely used by aircraft manufacturers for the inspection of 
composite components. Large array of elements are used to generate an ultrasonic beam that is 
multiplexed using time delays (focal laws) over the length of the array. The main advantage of 
this type of electronic scan is that a large area is covered very rapidly while maintaining a high 
resolution. In addition, modern electronics are scalable and can drive multiple phased array 
probes to increase productivity. 
 

 
Figure 1. Floor beam inspection schematic 

 

The process to generate ultrasonic beams using predefined focal laws is deterministic. The time 
delays are calculated using a known geometry, the distance between the probe and the 
components, curvature of the components, probe orientation, etc. During the inspection, the 
beams are generated based on the model calculated and cannot adapt to a change in these 
parameters. For most flat or quasi-flat components, the standard phased array approach is 
sufficient, but when a component exhibits a severe curvature or its shape diverges from the 
specifications due to loose production tolerances this deterministic acquisition strategy is 
inadequate. This is when an adaptive focusing solution is required. 

3. Adaptive focusing acquisition strategy  

Adaptive focusing is an acquisition strategy that has gained popularity in recent years, 
particularly in the aviation industry, mainly owing to the increasingly complex parts 
manufactured for new aircraft programs. In the aviation industry, adaptive focusing helps address 
the following problems related to the inspection of carbon laminates parts:  

 • Varying radiuses and twists  • Production processes leading to inconstant radiuses  • Misalignment of the phased array transducer relative to the part  
 
Adaptive focusing enables the transmission of a wave front parallel to a part with complex 
geometries, even when a flat transducer cannot be parallel to the surface or a curved phased array 
probe cannot be concentric with the radius to be inspected. This principle is illustrated in Figure 
2. On the left, the front wall of the component appears as a curve, while the back wall is 
undetected, meaning that the part is not inspected properly. On the right, after multiple iterations, 



the beams are corrected in such way that the front wall is displayed as a line and the back wall is 
properly detected. This ensures that all indications located in the component will be properly 
detected. 

 

 
Figure 2. Adaptive focusing wave front correction process; phased array wave fronts without (left) and with 

(right) adaptive focusing  

 

Multiple adaptive focusing algorithms exist and have been presented in articles as early as 1995 
(1) and more recently in 2011 (2) and 2013 (3). The adaptive focusing process presented in this 
paper uses a different approach, which can be divided into three different steps. The first step is 
the transmission of a plane wave using all available elements on the phased array probe and the 
recording of all elementary A-scans. The second step is the identification of the potential front 
wall echo location. Depending on the location and geometry of the probe and the part, artifacts 
not associated with the front wall echo can be present. The third step of the algorithm is to 
discard the artifacts causing interference with the front wall echo. Once the front wall echo is 
free of artifacts, new transmission delays are calculated (step four) and, finally, a new scan is 
performed using these new delays.  

4. Adaptive focusing experimentation and results 

To test this adaptive focusing approach, experiments were performed on inner and outer radiuses 
using curved phased array probes. For each configuration the boundaries were identified by 
moving the probe as far as possible from the optimal concentric position.  

4.1 Case 1: Variable radius—external  

For this experiment, a printed L part was used with a radius varying from 5.1 mm to 12.7 mm. 
Artificial flaws were included in the part to simulate delamination. The scan was performed in 
immersion using a water wedge and a 32-element, 5 MHz phased array probe with a radius of 
25 mm. The scan was performed on the external face of the radius of the L shaped part, as 
illustrated in Figure 3.  



 

 
Figure 3. Case 1 part and scan parameters 

 

The results are presented in Table 1 and Figure 4. The C-scans on the left illustrate the results 
with adaptive ultrasound (amplitude and position) and the C-scans on the right illustrate the 
results without adaptive ultrasound. We can clearly see that in the case of inspection on an 
external radius, the detection results and SNR are improved with the use of adaptive ultrasound.  
 

Table 1. Case 1 results  
 Detection Coverage Max. out of concentricity position 
With adaptive focusing 28/30 (93 %) 90° 12 mm 
Without adaptive focusing 20/30 (67 %) 75° 5 mm 
 

 
Figure 4. Case 1 comparison of results between adaptive ultrasound and phased array 

4.2 Case 2: Variable radius—internal 

For this experiment, the same part and probe defined in the previous section were used but, in 
this case, the scan was performed on the internal face of the radius of the L shaped part, as 
illustrated in Figure 5.  



 

 
Figure 5. Case 2 part and scan parameters 

The results are presented in Table 2 and Figure 6. The C-scans on the left illustrate the results 
with adaptive ultrasound (amplitude and position) and the C-scans on the right illustrate the 
results without adaptive ultrasound. In the case of inspection on an internal radius, the results 
demonstrate that the probability of detection and SNR are improved with adaptive ultrasound.  
 

Table 2. Case 2 results  
 Detection Coverage Max. out of concentricity position 
With adaptive focusing 26/30 (87 %) 90° 30 mm 
Without adaptive focusing 18/30 (60 %) 45° 5 mm 

 
 

 
Figure 6. Case 2 comparison of results between adaptive ultrasound and phased array 



5. Considerations 

With regards to this process’ effect on the optimization of inspection speed, the implementation 
of adaptive ultrasound benefits from the information used for the convergence algorithm 
(elementary A-scan for all elements) to generate the sum A-scans, avoiding the need to go 
through multiple transmission events as is necessary with standard phased array acquisition. 
Thus, the impact that the iterative process inherent to the convergence algorithm has on 
inspection speed is negligible.  

6. Conclusion  

In conclusion, adaptive focusing offers three important advantages: the ability to easily 
compensate for variations in geometry or production process without the need to develop a 
complex mechanical solution, improved sizing capabilities thus reducing the number of parts 
rejected, and an improved and simplified calibration and analysis process. Adaptive focusing 
proves to be an excellent method for improving the ultrasonic inspection of complex shaped 
composite components. The ability to adapt generated ultrasonic beams to changes in shape, and 
even to probe misalignment, increases the reliability of inspection results.  
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